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This paper desaribes the status of NASA's Space Infraned "Telescope Facility (SIRTE) program. SIRTE
will be acryogenically cooled observatory for infrared astronomy from space and is plarmed for Laanch
carly inthe next decade. We sunmanize a newly modilicd SIRTT baseline, which is to be launched into
a hehiocentiic orbit by an Atlas Has rocket, and provide an overview of SIR'TH's scientific Progurams.

INTRODUCTION

SIRTE the Space Infrared Telescope Facility: has been planned by NASA s « cryogenically cooled
obscrvatory for mfrared astronomy from space. SIRTE will build on the scientific and technical basis
established by the successtul IRAS and COBE missions and also on the 1esults of the Fmopean Space
Agency's forthcoming 18O mission. However, SIRTE will go beyond these precurson CLYOPCnIC space
missions by aking extensive use- for both hnaging and spectioscopy- of the Lupce-format infraed
detecton arrays now coming into use for astronomical applications. SIRTE is envisioned as a multi- user
facility with a broad range of capabilitics. The scientific potential of o ¢ryogenic Space obscrvatory
cquipped with state-of-the-aw Cinfrared detector anays is so compelling that SIRTE was designated in
1991 both as the highest priority astronomy niission for the 1990s by the National Academy of Scicnces,
and as NASA's highest priority "flagship' scientific mission by the interdisciplinary Space Science @nd
Applications Advisory Commitiec.

The SIRTYE science and engincering teams have worked over the past yea 1o define a new mission
concept which maintains much of the scientific power of the original mission but is considerably
smaller, simpler, and Jess expensive. At the same time, we have continued to push ahead with the
detector development activities which, as mentioned above, will be the souree of SIRTH's greatest
scientific gaims. This paper provides a bricf overview of the new SIR'TE concept and a sty of the
SIRTE science program. Much more detailed descriptions of the new mission and the instraments have
been published recently® 2 and details of the SIRTE science program are given elsewhere(36),

T N W~ SSION
1. Oibit

A key step i the development of the new SIR'TE concept came with the realization that an Atlas 1as
rocket could Lunch a 2500 kg spacecrafltinto a solar orbit in which the spacecrafl cscapes from the
Farth 's pravity but is captwred by the Sunand drifts slowly away, achiceving a distance of about 0.6 AU
Bonrthe Barth after five yeas. This orbit makes better use of Taunch capability than does @ conventional
Farth orbit because it is no longer necessary (o circularize the orbit, T addition, the solin o1 bit provides
an excellent thermal envitonmient because of the absence of heat input from the 1ath, as well as
excellent, unitertupted viewing of a large portion of the sky. 1t doces require a differeint stratepy for
comnmication; for the new SIRTE concept, this has been solved by installing a fised 1.5 antenna on
the bottom of the spacecraft.. Downlinks will he accomplished by orienting the spacecraft o that the
antenna points toward the Earth and sending the stored data down at a high 1ate to stations of NASA's
Deep Space Network. This allows an average data rate of 45 kbps corresponding 1o one immage from



SIRTI'S Jargest array every scconds  wih only a several pereen loss of ¢ cieney due to the
downhnk process,

2. ustruments

The mass, size, and cost constraints of the Atlas mission 1equired a reduction in scope and complexity of
the three mstraments which are under defmition study for SIRTE (Table 1), The cutrent capabilitices ae
summatized i Table 2, which shows that the SIRTE instiaments will provide both mmaging and
spectioscopy at all wavelengths from 2.5 10 200 pm. The detectors to be used in all cases will be anrays
i formats up to 250x256. Note from Table 2 that, in « given wavelength band, the sine detecton
matenial and anvay wchitecture is to be used for both imaging and spectioscopy. This has led (o a
steamlimed detector technology program in which separate development paths for spectioscopic and
imaging detectors have been climinated in order to maximize the use of scarce fiscal and humean
1esourees. Table 2 also lists, for cachinstiument module, once of the kKey screntific arcas to which it can
be applicd. This tabulation is indicative of the bicadth of SIRTE'S scientific prograins.

S Uscofarays

Fach of the thiee instraments exploits inca different way the possibilitics inherent in the detector anays;
lor example, the IRAC will use a diclnoic beamnsplitter to separate the incident infrared radiation into
short wavelength [2.5-5.5 ] and long wavelength [5.5-28 jun] bands; the two bands are then
scparately miaged on the InSb and Si:As detector atrays, respectively. Thus, all IRAC observations will
be made simultancously at near- and mid-infrared wavelengths, increasing the efficiency of data
collection and facilitating 1egistration of images made at different wavelengths, In addition, the 1IRAC
will ncorporate a grism to be used for low resolution spectioscopy from 2.5 o 5 g the £HSI-array
combination is particularly powerful: cven when used in combination with a slit - because it allows
spectia to be obtaimed simultancously of several objects or at many points in the ficld.

The MIPS will also use a dichroic to permit simultancous maging in two of its three bands the Si:Sb
channel from 1540 jun and the Ge:Ga [stressed] band from 120-200 jun. In addition, the MIPS
incorporates a scanming mintor which can be scanned in opposition to a constant motion of the telescope
to freeze an image of the sky on its anays. Operation of this scan minor in o sawtooth mode allows
adjacent hiclds on the sky to be imaged without starting and stopping the motion of the entire telescope.
This "step-scan' mode has been demonstiated at 2 pun in ground-based feasibility studics for the Two-
Micron All Sky Survey [2-MASS|®) project. 1t provides a very efficient means for SIRTE (o survey
farpe weas of the sky at integration times of 10 to 30 seconds per field, which will 1cach typical
sensitivity Tevels 100 times fainter than the IRAS Taint Source Survey.

The IRS will illuminate the 128x128 Si:As and Si:Sb anrays in a cross-dispersed echelle mode, typically
having 10 spectral orders displayed on the wray simultancously. T many cases, this will allow lines
which are close in wavelength  such as the Nell, HIL and Vo lines discussed belows 10 be measured
simultancously. "This assures accurate 1elative specttophotometry, owill also allow complete 4 40 jun
spectrato be obtained efficiently with only a few scttings of the predisperser pratings.

4. Telescope and spacecrafi

The SIRTIE optical and cryogenic systems, as well as the spaceeralt, were also refined to meet the
constraints of the Atlas mission. Thiough a process of iteration and first-order optimization, we arived
at the telescope-dewar system shown in Fig. 1. The telescope will have a lightweight 85 ¢m dianicter
primary and a fixed sccondary. ‘The primany {-ratio 1s /1.5, and the systen faatio is /12, The telescope
is a Ritchey-Chretien Cassegrain, and the insttiinents are located in the nultiple instrament chaimber
behind the primary mitror. The insttuments share a 26- aveminute- diameter field of view. Telescope and




imistturnenits together ate pack aged withi n a 1000-literannular heliam taask, which provides a minimuim
cryopenic lifetime 01 three years, 'This represe nts a significant reduction from the previous five-ye aw
lifetime, and itappears that additional optimization and re¢ finement of the ¢r yogenice design may increase
the hifetime further.

The spacectaft coneept for the Atlas mission is shown in Fig, 2, whicre it is compared both with the
previous Pitan-launched SIRTE and with IRAS and 1S(). This fipgure shows dramatically the reduced
size and mass 01 the new [, S1I<KTPTsystern. The SIRTE spacecra ft shows the bottor n-mounted
communications artermareferred to above. ‘The fime guidance telescope mounted on the outer shell of
the cryostat will provide the overall 0.25 aresec pointing stability requined by SIRTHS instruments. It
will be supple miented by several quad rant sensors within the instament chamber which will be used for
boresipht and alignmentupdates. The spacceraflt will usercaction w 'hicels for slew mancuvers and a cold
gas syste m formomentur n dumping. ()(11 (1 spacecraltsubsystems  communications, data handhng,
power,andstuctures  are well within the cunrent state of the ail.

The top -level characternisties of the Atlas mission are summarized in Table 3. ‘The combination 017 the
long lifetime, 85-cm aperture, and large, sensitive detectorarrays will give this mission preat power for
the study of known astrophysical phicriomena  including p ro ble ms to be def imed by 1SO- and fo
exploring the Umverse atin frared waveleng ths atunprecedented sensitivity levels. This is illustrated in
Fip. 3, which compares the sensitivity expected for S1I<’I’Fwith the levels reachied in the IRAS Faint
Source Swrvey and with the predicted brightness of typicaltargets of the deep s111 veysdescribedb clow.

HI SIRTE SCIENCE

SIRTE will br ing a wide range of capabilitics 1o bear on inportant scientific problems inall ar ca of
astrtophysics, including as yetundefimed problems which will arise fro m ot hermissions, most 1101:11)1%

IRAS andISO, butalso 11S 1" and COBE. Although the details of the SIRTE scientific strategy are only
now being defined, we can expect that naany of SIRTH's most imporlant scientific advances will be the
results of systematic p rograms carried out ina survey mwode, including, both targeted and unbiased
surveys with bot h spectroscopic anid imaging insttumentation.  In addition to the patrticular scientific
p roblems discussed below which can be addressed inthis fashion, we can anticipate confidently that
these surveys, which will probe the cosmos 10 unpr ecedented depthis atinfrared wavelengths [of . Vg, 3)

willle ad 10 the discovery of new and impor tant asttophysical phicnomena.

1. Targcted surveys

11 is often tmportant to observe numer ous examp les of a particular p henomenon in ordes to understand
the underlying physical mechanisims and then sig nificance. SIRTE will carry out targeted surveys foi
the purpose of building up a data base which can be used to develop this type of understanding, of spe-
cificscientificprobleins, A good example of this would be in studies of planctar y debris disks the
Vegaphenomenon  whichrank as one of the most significant discoverics of the IRAS mission(®.10),
The results from IRAS suggest that shells or disks of dust are associated with perhaps 50 percent of”
solar-type main sequence stars, and detailed study of the brightest few examples indicates that these dust
disks arc indicative Of the occunrence atound otherstars of condensation and coag ulation phenomena
perhaps similan to those which produced the planets in our Solar System.

A full understanding of this phenomenon and its 1elation to planctary formation requires both detailed
imaging and spectroscopic studies of numer o us examples plus a census of the occurrence and propertics
of such disks arounid stars of various spectial types, apparen it ages, 1otation rates, cte. 1ISO will mak ¢
progiressin developing this understanding. SIR'TE, with its ability 10 sce such disks ar ound stars as dis-
tantas several kpe and to image them at wavelength s around 30 pun where the central voids suggestive



of cmbedded plancts should be most apparent, can provide an cnormous data base for further
exploration.  Doing this properly would, however, 1equire a targeted survey; that is, a program of
systematic obscrvations of a large and carefully selected sample of stars. Other targeted surveys from
SIRTE might focus on spectioscopic measurements, such as systematic programs to develop spectiral
atlases of active galactic nuclei or of asteroids and planctary satellites. Fuither targeted surveys will
certaimly be defimed during, the SIRTE mission, based on the results obtained in unbiased surveys such as
those described below.,

2. SIRTI deep surveys

In-addition to the fast surveys described above, SIRTH will be used extensively for deep surveys with
mtegration times of hundreds o1 thousands of scconds per ficld of view. Indeed, such an exploration of
the Universe at levels set only by the Earth's natwal astiophysical envitonment is fundamental to the
scientific rationale for SIRTE. Such surveys will be designed in detail to attack the scientific questions
considered of highest priotity at the time of the SIRTE mission and will also be syncigistic with the
surveys to be carried out in other spectral bands. We discuss below four of the scientific problems that
SIRTH's deep surveys might address.

a. A scarch for Kuiper-belt comets

The Kuiper beltis a hypothesized disk of planctesimals located in the plane of our Solar System beyond
the orbit of Neptune (1>35 AU); its existence is inferred from the orbital statistics of a particular fannly
of comets-12. Direct observations of objects in the Kuiper belt could verify this conjectune and perhaps
provide a link between the outer regions of our Solar System and the planctary debiis disks around
nearby stars which will also be studied by SIRTY,

I the past several years these speculations have been placed on @ much firmer foundation by the
discovery by Jewitt and TLoaut*19 and by Luut of two objects having, the predicted characteristics of
Kuiper belt planctesimals. The first of these, 1992QRB1, is a very red solid body at a heliocentric distance
of about 41 AU, with an orbit of low inclination (2.2? deg) and moderate cccentricity (0.107). The
perihelion distance is 39.6AU and the period is 295.7 years. The sccond object, designated 19931W,
has a semimajor axis of 42.5 AU and an inclination of 8 deg. 'T'hese objects have visual magnitudes
around -123.5.

If the geometric albedo of these two bodies is 0.05 at 0.55 pn, they will be at a temperature of 50K, and
their diameters are about 200 k. The predicted flux of these objects at 100 pun is 2mly, which is casily
detectable by SIRTE. 1t would require about 20 hours to survey one squaie degree to this sensitivity
level, during which time any objects that are in fact 40 AU from the Sun would appcar 1o move about
1.4 arcmin because of the motion of the spacecraft. Thus a second 20 hours of observation could pick
out any candidate Kuiper belt bodies from background objects such as distant galaxics and wisps of
interstellar dust. 1t is clearly possible with SIRTYE to detect or set limits on such objects which lie in the
range of existing optical surveys and also within the uncertainty band of the theoretical predictionst®
shown in Fig. 4. SIRT} surveys would be uniquely sensitive to objects with albedo <0.05 which could
£o unscen at optical wavelengths.

b. Brown dwarfs

Brown dwarfs are hypothetical objects with masses between 0.001 and 0.08 M(Sun) which are (00 low
in mass to ignite nuclear burning but which might be visible in the infrared as the heat gencrated in their
collapse is 1adiated away. Such objects have stubbornly eluded detection in a number of scarches(o.
Recently, however, Nelson, Rappaport and Josst? have reviewed the theoretical and observational
uncertainties and concluded that "for rcasonable theoretical assumptions”, the current limits would stll
allow brown dwaifs to contribute significantly to the mass of the disk of o Galaxy.



As brown dwarfs cool and age, their infrared emission shifts inexorably into the thermal bands where
SIRTH's sensitivity advantage is the greatest. Nelson et ald present dynamically interesting models
predicting about one hundred brown dwarfs per square degree with 10 Jun magnitude 417.5. If such
brown dwarfs have temperatures lower than 1000 K, corresponding o a relatively old, low-mas:
population, then they would be very faint shortward of 3 jun, and observations from SIRTE will be
uniquely important in searching for them (Fig. 3). At this level, there would be about one such object in
cach SIRTI deep survey image made in the 10 pum 1egion. ‘The image obtained simultancously with the
IRAC at 3-5 pm would permit rapid selection of low temperature candidate objects for further study.

~ The evolution of the infrared galaxy luminosity function

IRAS provided our first complete look at the extragalactic sky in the infrared and showed that more than
half of the Tuminosity of a typical spiral galaxy emerges at far infrared wavelengths between 40 and 120
Hin. As detailed by Soifer®®, the far infrared luminosity of galaxics can exceed Ied 12 1.(Sun), well into
the Tuminosity range previously 1eserved for quasars. IRAS also revealed « previously unsuspected
association between galaxy-galaxy interactions and enhanced infrared lunminosity. ‘The ultra-luminous
galaxics those having 1.>1e4 12 1.(Sun)  have optical images suggestive of violent interactions and
mergers. Similarly, infrared-luminous galaxies-  those having 1.(ir)>1.(vis)  are more common among,
galaxies with close companions or evidence of tidal distortions than among ficld galaxics. Taken
together, and with supporting optical spectroscopy and radio astronomical studics, these data suggest
that interactions between galaxics can tgger starbursts, concentrate molecular gas in palactic nuclei,
and initiate the accretion of matter by (perhaps pre-existing) black holes.

The "no evolution" model shown in Fig. 5 predicts about 700 galaxics per square degree brighter than |
mly at 60 jun, while the most extieme evolutionary model predicts about 5000. Thus, a SIRT deep 60-
Hm survey of a few square degrees can not only demonstrate conclusively that evolution does (or does
not) occur but also distinguish among various evolutionary scenarios. Using the 5x5 aremin Ge:Ga
array at 60 pm, it will take about 20 howrs to survey one square degree (o noise levels significantly
below Tnly. As pointed out by Hacking and Soifer() and other investigators, the sensitivity of SIRTH
or any other telescope for deep surveys will be limited eventually by "confusion” duc to background
brightness fluctuations resulting from statistical variations in the number of faint sources in adjacent
beams. Because the stracture of the sky emission at such low flux levels provides information about the
distribution of distant galaxics beyond that which can be dervied from the observable luminosity
function, SIRTH's deepest surveys will be designed to reach levels where these confusion effects become
very signficant. Recent simulations by Ricke®” suggest that at 60 jun this is at a level of about 50 uly,
which requires about 10,000 seconds of integration to achicve. At 60 1, it will also be possible to
exceute such ultradeep surveys with pixels that fully sample the point spread function: post-processing,
of the resulting images can increase the effective resolution beyond the Rayleigh criterion and probe still
farther into the structure of the infrared sky.

Although infrared continuum observations are essential to determine the luminosity of these ultra-
luminous galaxics, many of which have 1.(i1)>>101 (vis), spectioscopic diagnostics are the only means




of studying the p roperties of the unde rly ing eniergy sources and distinguishing starbursts from active
galactic nuclei. For an object with 1 .(ir)>>1 01 .(vis), there is no guarantee that any of the visible
w avelength emission lines orig inate anywhere near the principal luminosity source., and evennear
infrared lines may well suffer sig nificant extinction.  Therefore, spectroscopic observations at longer
infrared wavelengths have a unique role to play inthe characterization of the luminosity sources in these
galaxics. Voit@h has recently called attention to a group of neon fine-stiacture emission lines, arising,
from ionization states between Nelland NeV], which cluster together at wavelengths between 7.6 and
30 pun. of particular note arcthree lines of Nell, Nelll,and NeV, whichlic at 12.8,15.6, and 14.3 pm,
respectively. ‘These fall in a mintmum i the extinction curve: — between two silicate absorption bands:

and suffer little differential extinction even when viewed through the equivalent of 1 00 magnitudes of
visual extinction. In addition, whercas Nell is common inordinary Hilreg ions, NeV is produced by
photons of encrgy 100ev, so that the ratios of these lines can distingu ish very well between starburst and
AGN models. SIRTH's spectrograph, using a larpe a1 1ay in cross-dispersed echelle mode, can measw ¢
the Hines simultancously to minimize concerns about pointing and aperture size corrections, This type  of
spectroscopic diagnostic prornises 10 be extremnely powerful, and Voit snows in greater detail how the
full range of Nc linescanbe usedto determine density andtemperature- — as well as excitation conditions

inastrophysical plasmas.

In addition to answering questions about the evolution of infrared-luminous galaxies, S1 RT1s deep 60-
pm surveys will provide catalogs of interesting targets for further examination, cither with SIRTH's own
spect1ograph o1 from ground-based optical and 1 adio telescopes. A particularly exciting result of such
follow-on obscr vations could be the discovery of additional objects similar to the spectacular
protogalaxy candidate FSC+ 10214 found inthe IRAS Faint Source Survey18.22.23)  As shown in Fig.
3, SIRTF could detect such objects at redshifts greater than 10,

d. Deep near-infrared surveys

Another, complementary 100K at the extragalactic sKy can be obtained by SIRTY through @ deep  survey
inthe background minimum around 3.5 pum (Iig. 6). At this wavelength, the InSb array can reach flux
levels around 1y (2 st magnitude) in 500 seconds of integiation. Based on the results obtained by
Cowic et aled, asingle 5x5 arcmin field measured to this level at 3.5 pun could containupwards of 1 00
galaxics, many of which wouldhave z>l. Thusasurvey of a smallarca onthe sky would yield a very
large sample of galaxies.

Number counts at these flux levels would be of interest, but the addition of redshiftinformation would
allow exploration of the luminosity function and clustering properties of galaxics at various redshifts.
SIRTI"s own observations can contribute to the determination of redshift estimates for these palaxies by
scarching for the broad maximum predicted to appear at arest wavelength of around 1.6 pminthe
energy distribution of galaxies once they containsignificantnumbers of red giants@s. 2¢. 27), Spectral
energy distributions at (rest) wave.lc]lf,tlls from 0.5 to 2 junare required for these redshift estimates. For
redshifts greater than 1, these will require SIRTY images to wavelengths of 5 pmandbeyond,
supplemented by deep ground-based images in the optical and ncarinfrared.  For nearby galaxies, the
ground- base.d images will be mostimportant, with the S11<'1'1; observations providing additional con-
straints. This is a good example of the potential synergism between deep surveys from SIRTE and those
obtained from other tclc.scopes; the results could provide impor tant constraints on the evolution of
galaxics andof larf}c-scale stiucturcinthe carly Universe.

SIRTH's extragalactic surveys Will be coordinated with ground-based optical, near-infrar cd, and
submillimeter surveys to provide a spectrally broad picture of the extragalactic sky. This broad picture
can be compared with a new generation of galaxy evolution models which include formation of dust and
its subscquent absorption of starlightand far infrared emission in addition to the usual time variation of
the stellar popul ations.  Larly models of this type, developed by Chokshi et al@® following the
methodology of Chokshiand Wright?” have 1eproduced the observed 1RAS counts at 60 punCo,



Another potentially impel-tanl application of deep 3.5-jun surveys hasbecome apparent with therelcase
of the data from the DIRBE experiment on the COBY spaccer aft, which measured the infrared
back grounds from 210240 pm withunpr ccedented sensitivity.  These measurements@) determined that
the backgroundbrightness atthe 3.5-pm minimum is vli(v) = | .5E- 11 w/cm+ 2/sr, and, as shownin Iig,
6, [his minimum is [he. place (0 scarch not only for distant point source.s but also forany diffuse
component in the background. The DIRBI data analysis is intended to remove the foreground emission
from solar systemand galactic sources with sufficient accuracy that the extragalactic background at
3.5 jun can be determined withanuncertainty of 1 % of this, or 1 .51;-13 w/cmA 2/sr. This willinclude
contributions from point sources | i c., galaxics), as well as any truly diffuse component, averaged over
DIRBE's 0.6 degreebeam. Within a single DIRBE beam, SIRTH will be able. to measure. all the point
sources down to 1 uly at 3.5um, at which levelit is expected that the integrated flux from galaxics will
have begun to converge. Wright® has estimated based on Cowie's work and typical galaxy colors that
the contribution due to the galaxics which SIRTI can measure will be about 3,411-13 w/cm+ 2/sr, greater
than the uncertainty with which DIRBE can determine the background. Depending onthe results of
DIR BE'smeasurements, SIRTH's observations couldbe of crucial importance in constraining?, or
verifying the existence of a diffuse. extragalactic back ground, which would be of great scientific interest.

1V. In4TAC 1'0} 1 '1HE SHORTENED MISSION

Perhaps the biggest scientific impact of the. move from the Titan SIRTY to the Atlas SIRTI is the
reduction of the cryogenic lifetime from five to three years. This is potentially a greater loss than the. 40
percentreductionin observing time would suggest, because it also reduces the amount of time that wil |
be available for contemplating the. initial results from S11<’1'1: and folding them into follow-on
obscrvational programs. ‘The potential ]JOSS of suchopportunities is particularly critical in this case
becaue S11<'1 1t is so sensitive that many of its discoveries will notbe detectable from other platforms,
Justasmany of IRAS' results will go unexplored at least until the launch of 1S0.

1’0 compensate for thisloss of "thinking time.",we are planning a scientific strategy for S1 1{"I’l'which
will emphasize the surveys discussed above-  both targeted and unbiased- in the first six monthsto one
year of the mission. The data from the.sc. surveys will be made widely available inatimely fashion so
thatmany scientists can startat once to understand its significance and also to use it as a basis for
follow-cm investigations from SIR'TE. This type of broad participationis consistent with S1 R'I'l'srolc as
an obscrvatory for the entire scientific community;in addition, wc intend to make the community's role
avery active onc by soliciting widespread participation in defining and exccuting these carly surveys.

V. CONCIUSIONS

The capabilitics and challenges of S1R'TIY combine. [0 make it an appcaling and challenging mission on
both scientific and technical grounds. The scientific, technological, and engineering groundwork for this
exciting step in the exploration of the Universe have been established by many ycars of work in the
academic, governm ent, and acrospace communitics.  WC. arc readyand eager to move forward or'1 a
schedule calling for a Phase B startin 1995, leading to a Phase C/D startin 1997 and launch in 2001 or
2002.
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‘I'able. 1. Silt' 1'li Instruments

Infrarcd Spectrograph (IRS) P.1.: Dr. J. Houck, Cornell University
Will obtainin frared spectra with R-1 000-2000” covering the wavelength interval from 410200
pm.

Infrared Array Camera (JRAC) 1. 1.: Dr. G. Fazio, SmithsonianObscrvatory

Will provide wide ficld (5’ x 5') and diffraction-limited imaging over the spectral region
2.5 1028 pm. Grism spectroscopy, 2.5-5 pm. Polarimetric capability.

Multiband Imaging Photometer (MIPS) P.1: Dr. G. Ricke, Arizona University

Will provide wide field (5 x 5) and diffraction-limited imaging over (he spectral region
15 to 120 pmand 0.6’ x 5’ imaging over the spectral region 120 to 200 pm. Polarimetric
capability.




Table 2. Instrument Capabilities - Atlas SIRTF

a. imaging Instrumentation

Wavelength Range Material/ Ficld of View/
(pum) Array Size Pixcl Size Unique Science
25 -53 InSb 5x% Protogalaxies
256 x 256 12
4-28 Si:As IBC S x5 Brown dwarfs
128x128 24
15-40 Si:Sb IBC 5 x5 Planctary debris
128x 128 2.4 disks
40 - 120 Ge:Ga S X9 Interacting galaxies
32x32 9.0”
120-200 Ge:Ga (stressed) 0.6' x5' Early stages of star
2x16 19.0 formation
b. Spectroscopic Instrumentation
Wavelength Range Material / Spectral
(pm) Array Size Resolving Power Unique Science
2.5 5 InSb 200 Composition of
256 x 256 solar system objects
4-12 Si:As IBC 2.000 Composition of
128x128 (cmss-dispersed)  interstellar material
12-40 Si:Sb IBC 2000 Nature of galactic
128x 128 (cross-dispersed) nuclei
40-120 Ge:Ga 2000 Star formation
4x32
120-200 Ge:Ga (stressed) 1000-2000 Composition and
2x16 cnergetics of

interstellar clouds

*Capability provided by grism in camera.




“r'able 3. *1’0op-level characteristics of Atlas SIRTY

Atlas
Orbit solar
1.ifetime 3 years minimum
Aperture 85 cm
wavelength 2.5-200 pm
Coverage
Data Rate 45 kbps
Secondary Mirror no
Articulation
Pointing 0.25 arcsec/0.25 arcsec

Stability/ Accuracy
Image Quality

Mass

2 arcsec

2500 kg,




‘1'able 1. SIRTF instruments

Table 2. instrument Capabilities - Atlas SIRTE
a. imaging Instrumentation

b. Spectroscopic Instrumentation

‘1'able 3.1 op-level characteristics of Atlas SIRTF

Fig.1. Cutaway view of the telescope-dewar system for the ATI.LAS SIRTE

Fig. 2. Comparison of the Atlas SIRTE observatory with the previous Titan SIRTF
concept and with 1S0 and IRAS. The spacecraft arc shown to scale, and the mass and
cryogenic capacity for each is shown as well.

Fig. 3. The photometric sensitivity to be achieved by SIRTE across the infrared band is compared
with the predicted brightness of the tar-gets of the SIRTI deep surveys and with the 1 -sigma
sensitivity limits of the IRAS Faint Source Survey. The SIRTF sensitivity estimates are I-sigma in
500 seconds; they are based on demonstrated detector performance or current expectations and
include both natural background and (at the longer wavelengths) confusion limits. The survey
targets arc: a Kuiper belt object with 100-km radius, 40 AU from the Sun; a 1000-K brown dwarf
with 10-pm magnitude of +17.5; the IRAS candidate protogalaxy FSC10214 as seen at a redshift
7=10; and amodel protogalaxy assuming 1e+ 11 solar masses of star-s arc formed at a constant rate
for 0.8 Gyr prior to observation at z=5. The adopted FSC 10214 energy distribution is a straight line
interpolation between the fluxes detected at 2.2 and 60 pm. A cosmological model with omega = 1
and a1 fubble constant of 50 km/sec/Mpc arc assumed.

Fig.4. Limits on the number density pcr square degree of Kuiper belt objects brighter than visual
magnitude V (99 pcrcent confidence limits) as established by a number of optical surveys —scc
Tremaine(D for the original references from which the plotted limits arc derived. The circled cross
shows the type of object which SIRTF could detect in a deep ecliptic plane survey at 100 pm which
isvery similar to the candidate Kuiper belt objects recently announced by Jewitt and Luu(!3-15), The
upper and lower diagonal lines represent estimates of the expected number of objects per unit solid
angle brighter than V for two extreme theoretical models discussed by Tremaine.

Fig. 5. Predicted galaxy flux vs. number counts at 60 pum for several models of the evolution of the 60-
pum luminosity function. The limiting flux attainable by SIRTF at 60 pm (3o in 500 sec) is shown. Scc
Hacking and Soifer¢'® for further details.

Fig. 6. COBE follow-up. The data®b, taken from measurements by the DIRBE instrument on the
COBE spacecraft, show a minimum in the infrared background emission a 3.5 um. Much of this
emission at 3.5 um comes from the solar system or’ the galaxy, but the DIRBE science team will correct
for this foreground emission and determine any extragalactic background with an uncertainty of 1
percent of the total brightness, or 1.5 x 10-13 w/cm?/sr.  This determination will include both the
contributions of galaxies within DIRBE's 0.6-degrec beam and of any truly diffuse extragalactic
background. SIRTI can measure the contributions of the galaxies, and the extrapolated brightness duc
to galaxies is expected to be 3 x 1013 w/cm?2/sr down to SIRTH's detection limit. The SIRTE
obscrvations can thereby constrain or verify the presence of this background, which would be of great
scientific interest.
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